Activity-directed fractionation and isolation procedures were used to identify the antioxidant components of Peltiphyllum peltatum. Fresh leaves were extracted with ethanol and subsequently fractionated into light petroleum, chloroform, ethyl acetate, n-butanol, and water fractions. The ethyl acetate fraction, which showed the strongest antioxidant activity, was subjected to Sephadex LH-20 chromatography, followed by repetitive preparative TLC, to afford the major antioxidant principle, quercitrin, together with other antioxidants (isoquercitrin, catechin and gallate) as minor principles. The identities of the isolated compounds were established by spectroscopic methods (1D and 2D NMR and MS) and by direct comparison with authentic samples and literature values. Quercitrin displayed a potent protective effect of DNA from UV generated hydroxyl radical damage.
Excessive production of reactive oxygen species is a known precondition for the development of a variety of diseases including cancer, neurodegenerative diseases, aging and inflammation [1] . Prevention and/or reversing these reactive oxygen speciesassociated pathologies are possible by using small molecular weight antioxidant compounds. Of the various groups of these compounds identified so far, natural polyphenols are by far the most studied and valued. Hence, foods, fruits, vegetables, and beverages (e.g. fruit juices, red wine, tea and coffee) with high contents of polyphenols have recently gained much attention as healthy dietary choices [2a] .
Peltiphyllum peltatum (Torr.) Engl. [synonymsDarmera peltata (Torr.) Voss; Saxifraga peltatum (Torr. ex Benth.] is a perennial plant belonging to the family Saxifragaceae [2b] . The plant is native to western USA but is now known to occur all over Britain and Ireland, mainly colonizing damp places and river banks [2b] . In addition to its ornamental use, P. peltatum has been shown to be used as food and a source of medicines [2c and references therein]. Recent report from this laboratory revealed that the leaf extract of P. peltatum possesses potent antioxidant properties [2c] . Furthermore, we found that the ethyl acetate fraction of the crude extract, which had the highest polyphenol content, was the most antioxidant fraction [2c]. Apart from some preliminary studies prior to 1976 that focused on the detection of gallates and flavonoids from P. peltatum preparations [3] , no detailed phytochemical studies have been carried out on this plant. In the present study, a systematic activity-directed fractionation procedure was undertaken to isolate and identify the active antioxidant principle(s). Fractionation of the ethyl acetate fraction using Sephadex LH 20, followed by further purification using preparative TLC, yielded the major constituent quercitrin, together with minor constituents isoquercitrin, (+)-catechin, and gallate. Table 2 of the supplementary data. Of these HMBC data, by far the most relevant was the observation of 3 J coupling between C-3 of the flavonoids skeleton and the anomeric proton of the sugar(s) and hence confirming the quercetin-3-O-glycodide assignment. The ESI-MS analysis in negative ion mode of quercitrin and isoquercitrin gave their corresponding ion peaks, as expected, at 447 and 463 mass units, respectively.
The identification of catechin and gallate was based on comparison of spectral data with authentic samples and literature values [5] .
Quercetin is known to be the most abundant bioflavonoid found in vegetables and fruits, and is mainly present in its glycoside form, such as quercitrin and isoquercitrin. Recent studies have demonstrated that the absorption of quercetin glycosides from the gut is higher than that of quercetin or other aglycones [6] . The sugar portion of the flavonoid glycosides increases the solubility in aqueous medium and consequently improves absorption through the utilization of the glucose transport system present in the intestinal mucosa [7] . It has also been shown that, while quercetin glycosides can enter into the blood stream and even cross the blood-brain barrier unchanged [8] , their biological activity is known to be attributed to metabolism leading to the formation of the bioactive aglycone, quercetin [9a] . The various biological activities reported for quercetin include anti-oxidant, anti-carcinogenic, anti-inflammatory, and cardioprotective properties [9b] . In view of possible in vivo biological activities, the identification of quercitrin as the major constituent of P. peltatum was thus of great interest.
The antioxidant potential of all the identified compounds was the subject of recent investigations. Quercitrin displayed antioxidant activity when assessed using the DPPH [10a] , xanthine oxidase and superoxide scavenging assays [10b]. Quercitrin has also been shown to significantly decrease Fenton reaction-dependent deoxyribose degradation in vitro [10c] . Some in vivo studies further revealed that quercitrin, in general, enhances the antioxidant status of animals [11a] In the present study, the DPPH assay was routinely used to follow the radical scavenging activity of fractions and purified compounds. In general, the isolated compounds displayed more antioxidant activity than the crude extract. Except for (+)-catechin, all the isolated antioxidant compounds and the positive control, quercetin, displayed more DPPH scavenging activity than the ethyl acetate fraction. The EC 50 value (µg/mL ± SEM) of the purified compounds and quercetin, obtained from three separate experiments, were as follow: gallate (0.7 ± 0.1) > quercetin (0.9 ± 0.2) > quercitrin (2.4 ± 0.3) = isoquercitrin (2.5 ± 0.2) > (+)-catechin (3.5 ± 0.2).
Owing to the abundance of quercitrin in P. peltatum and its reported antioxidant potential, its effect on protecting DNA from UV irradiation was further studied. The electrophoretic pattern of DNA after UV photolysis of H 2 O 2 (1.25 mM) in the absence and presence of concentrations of quercitrin that displayed DPPH scavenging properties is shown in Figure 1 . DNA from pBR322 plasmid shows two bands on agarose gel electrophoresis (lane 1); the faster moving band corresponds to the native form of supercoiled circular DNA (SC) and the slower moving one to the open circular form (OC) [12b] . UV irradiation of DNA (254 nm) in the presence of H 2 O 2 (lane 2) resulted in the cleavage of supercoiled DNA to the open circular form, indicating that hydroxyl radical generated from UV photolysis of H 2 O 2 leads to DNA strand scission. As shown in Figure 1 , the addition of quercitrin concentrations (2.1 µg/mL and above) to the reaction mixture of H 2 O 2 suppressed the degradation of supercoiled circular DNA. Treatment of plasmid DNA with quercitrin alone did not change the migration pattern of pBR322 DNA (data not shown).
In conclusion, the present systematic study revealed the identification of quercitrin as the major antioxidant principle of leaves of P. peltatum. The study further revealed that concentrations of quercitrin that exhibited radical scavenging activity also displayed a potent protective effect on DNA damage by UV generated hydroxyl radical.
Experimental

General:
1 H NMR, 13 C NMR and 2D-NMR (COSY, NOESY, HSQC and HMBC) spectra were obtained on a JEOL 500 MHz instrument. A VG BIO-Q mass spectrometer equipped with an ESI z-spray ion source was used. Samples dissolved in methanol were directly injected into the mass spectrometer operating in a negative ion mode. Sephadex LH-20 (Sigma Aldrich Chemical Company, Dorset, UK) was used as the adsorbent for open column chromatography, while silica gel 60 F 254 plates (Sigma) were used for thin-layer chromatography (TLC). TLC analysis was routinely performed using CHCl 3 :MeOH mixtures as the mobile phase and compounds were visualized under UV light. Agarose gel and other electrophoretic consumables, 1,1-diphenyl-2-picrylhydrazyl (DPPH), gallic acid, (+)-catechin, Dulbecco's phosphate buffered saline, hydrogen peroxide, isoquercitrin, and quercitrin were all products of Sigma. The pBR322 DNA was a product of FERMENTAS Life Sciences (York, UK). All solvents and chemicals used were of analytical reagent grades.
Extraction and Activity-directed isolation of antioxidants:
The method for processing of the plant material, including extraction and preliminary fractionation was previously reported [2c] . Briefly, fresh leaves of P. peltatum, grown for several years around a small stream bank at Hadlow College Medicinal Garden, were collected during the summer season. Extraction was carried out by chopping freshly collected leaves (2.5 kg) into small pieces and soaking in 7 L of absolute ethanol for 2 weeks. Removal of the solvent using a rotary evaporator, followed by freeze drying, afforded 57 g of the extract residue. A portion of the crude extract (18 g) was suspended in water (500 mL) and successively re-extracted with 1 L each (3 times) of light petroleum (yield: 1.2 g), chloroform (yield: 0.5 g), ethyl acetate (yield: 6.0 g) and finally n-butanol (yield: 1.5 g). All fractions, including the final water fraction (yield: 8.2 g), were concentrated under reduced pressure, using a rotary evaporator, and then freeze dried. The ethyl acetate fraction (2 g), which showed the most potent radical scavenging activity, was applied to a Sephadex LH-20 (60 g) packed column and eluted with CHCl 3 -MeOH (1:1). A total of 68 fractions of ca. 20 mL each were collected and combined on the basis of TLC analyses, leading to 6 series (pools I-VI): pool I (fraction 1-15), pool II (fractions 16-20), pool III (fractions 21-22); pool IV (fractions 23-29), pool V (fractions 30-37) and pool VI (fractions 38-68). Following the DPPH-based antioxidant analysis, fractions I-III proved to be either inactive or less active and were discarded. Pool V, which showed the highest radical scavenging activity, was further subjected to repeated preparative silica gel (2 mm thickness) TLC (solvent, CHCl 3 : MeOH, 8:2) to afford quercitrin (600 mg), isoquercitrin (80 mg), catechin (90 mg) and gallate (17 mg). Similar treatment of pools IV and VI gave more quercitrin (70 mg), isoquercitrin (20 mg) and other trace compounds, which showed weak radical scavenging activity when assessed using the DPPH scavenging assay.
Scavenging of DPPH radical:
The antioxidant activity of test samples was measured by using our established microtitre-based DPPH assay [12b] .
Protection of DNA damage induced by UV photolysis of hydrogen peroxide: The experiments were carried out following the method of Russo et al. [12c] , but with the following modifications. The reaction mixtures, in a volume of 15 mL, contained 3 µL of pBR322 plasmid DNA (0.5 mg/mL) in Dulbecco's phosphate buffered saline (pH 7.4), in either the presence or absence of drugs. Except for the control group (untreated), H 2 O 2 , to a final concentration of 1.25 mM, was added and the reaction mixtures immediately exposed to UV irradiation (254 nm) for 5 min. After irradiation, samples were analyzed by electrophoresis on 1% agarose gel, essentially as described previously [12b] . 
